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I HISTORY

- ' A. Preposal
The proposal, as originally presented, cailed for a
- ieafiet carrying rocket with the followinez general
requxrements.
A. Ranges up bo 2500 yards,
ﬁ; Accuracy + §0 yvards.,
C. PField loading,
B, Packineg case as launcher,
B. Pa&ioad of approximately 22 cunces.

F. To burst, distrihutine the payicad, with compleis
fragmentation of missiie .,
A

G. To have minimum weight as well as maximun ease ef
288,

H. Low cost of production,

I. Good survelilance propevties,
Pretiiminary studies indicated that a missile with the
foliowing features would be most likely to accomplish

the ahove listed requirements:

A. Approximate size 5 x 30 inches.

R. Weights: Propellant 1.7 1hs.
Payload t.lb ihas,

Motor 6.0 1hs,

Total 9»1 T ihs.

- C. Fgﬁght characteristics:

1. Spin stabilized.

i

2, Velocity 100 to 500 ft./sec. dependent upon range.,
3. Purning time 0.14 sec.
L, Time to target 22 sec.

51 Angle of elevation 45°,

- Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-BQP78-O3624A00090001QQ871 -2
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B, Initiation hy electric squib.

- ¥. Propeliamnt: JPR double base,

F. Burster: BRiack wowdéﬁo

G; Single train fuse,

Ho Mulitiple motor tubes,

as anticipated that

W
atuated as the pro
fications weould he

In the development of the item it v

“the features chosen would be re-evw
gram progressed and thaet some modi
reguired,

B. Separation Into ane@@

As mutually agreed, the project was separated into
three phases., The division of meney is shown in an
attached sheet in the appendix. By so doing, the en-
L] . tire project was mnot committed until the unit had heen
)

shown feasible in preliminary testing,
¥ . PRriefly, the phase separation iz as foilows: )
. o ’ }
Phage I

A, Mathematical analysis.
R. Study of materials.
C. Static testing of motors..
D, PField Flight Tests.
%. Report,
Phage I
- A, HRedesign
This will include hoth the overall design and the

component parts, such that production in guantity
can most easily be accomplished.

Kt

"B, Momeﬁ camsﬁ?ucgteuo
C. Static and flighy ﬁests.

D, Possibie zed@szgn to correct ondesirable fiight
characteristics,

=

Report,
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Phase III

A. Final design,

B. Manufaé%ure of targe lot,

€. Final flight testing.

D; Preparation of Range tabies.

¥, Report, including drawings, specifications, in-

sbructions and range tahlies.

In Phases T and TII 1% wil! undoubtedly he necessary,

o

ag it was in Phase [, for the work %o he in a fluid state,
rather than %o proceed im a set, crysitalilized patitern.

The flow of work is such that 1t is sometimes difficald
to preceed in a stepwise fashion gince some siteps reguire
much more Hime than others.

Mathods of Attack

Initial investigation invelved mathematical analysia
of the problem in order to transiate rocket theory
into the desired motor design. From this comnsidera-
tion, coupled with the aime of the project, the mul-

tituhe, spin stabilized meodel evelved.

From an understanding of the relationship hetween grain
configuration and grain burning rate, the demands on

& nezzle were studied. TPreliminary static testing of
@ingle steel tube motors coffered a means of testing _
the rerults of this study and, if successful, this con-
cert coulid he itransliated into a workabhle plastic mgl-~
vitaohe model,

As the experimenial woerk progressed, it hecame appa-
rent that the basic design and planning were ersential—
iy correct bhut that an intensive search for suitabie
consiruction materials would he necesmary. FTach com-
penent of the rocket evolved from a study of the re-
guirements upon that particular part, foliowed hy an
experimental period wherein that pari wae hrought Se

a statua capable of withetanding the siresses apnlied
upon it. Frequently, the increased strength of one
component hrought out a weakness in another part

"which in tarn had hecome the Yweakest 1ink of the chain®,

The limited strengih of plastic materials, plus the
intringic difficuities involved due to the requirements
of the item, left l1itile margin for a safeby factor of

strength in any compenent of the rocket.

5=
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I¥ PRELIMINARY DESIGN CONSIDERATIORS

- The dezign characteristics of this rockel were chosen in
accordance with the performance requirements cuotiined inm
the propesal. 4n incremental charge loading system was

- chosen ag the logical answer to the multipie ramge vequire

ment, This might have heen accomplished in a conventional

rocket design hut the probliem of field lcading, clcsing

and sealing a conventional design appeared difficunit. A

multipie motor tube arrangement was conceived which might

he field acsembled and secaled with considerably more faci-
tity than with a single large motor tube. The difference
in these two Cases is that the siress to he encountered

by the targe clicsure would be several times as grealt as

the siresses distrihated among several smallier cliosures,

However, the multipie tube arrangement introduced the pio-

hiem of having aii the individeval rocket motors operating

atike, [If they did pot ignite at the same time and simuil-
tanecusly produce the same thrust, then greater dispersion
wonld result. One metheod of insuring identicail performance
wae the interconneciion of the metors to achisve cgunaliza-
tion of the gas pressures. This also aided the igpition

hecause if one motor failed to ignite, the hot gamses from

: the other motors would immediately flow to that motor an

ignite its grain, While this system of oparaticon was nvvei,

it was not unprecedented. Interconnected ipndivideal motors
have been used where thrasts ip different directicons were
desired %0 produce torgue. Simunltaneous igniticn ané pres-
sure -egualization were accompiished,

(3]

The accuracy reguirement led to the decision to atilize
spin stabhilization since a spinning rockedt has less dis-
persion that the same rocket using fin stabilization.
Morecver, the rocket launcher zhould he as long as possi-
hie for the sake of accuracy; launching a spinner rocked
might be simpler since the ilauncher wonld not have %o ac-
commodate projecting fins., In thig rocket desisgn, using
individual motor tubes. two methods of ohtaining apin sta-
, bilization were considered. The firet nethod uses comven—
- vional canted nozzies oriented in each of the individual
motor tabes. The second meithod apnropa% to this particu- .
far design ases coaxial nozzies in canted moior tuheﬁa
Roth methods were considered feasible.,

13

The longer a rocket hurns after feaving i%ts launcher the
greater the dispersion tends to he, The length of the
Tauncheyr ieg Timited by the practical problems of transper-
tation and handline s it was desizahie to have the horn-~
ing time of the rocket as short as possible. The webh thick-

=l
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negs and burning rate of the propellant are the two para-
N meters which fix the hurning time of the grain. The web
1 thickness wag chogen as small ag poesible consisgtent with
other internal ballistics requirementes and simplicity of
design. The hurning rate depends, of course, ¢n the type
- propeliant used and aleo on the chamber pressursz. The
propetlant JPK was chosen because it was a well~known,
weil hehaved propellant of ready gvailability. Uowever,
it was anticipated {(and later experimentaily ver1~1,d};
that the reiation hetween nozzle area ratio and equili-
brium pressure in these miniature motoers wouid have values
differing siightly from those Eeperﬁsa in the iiteratare,
The chamber pressure could not be increased to shorien the
harnine time hecause of the strengih Exmitat;gna of the
materials used to fahricate the rocketl.

As estimate of the propeilant Wbight required for the var-—
ions ranges n20 to he made for the prelimipary design.
The weight of propsllant determines the burni velocidy
which, in tuarn, debtermines the range at a given guadrand

v elevation. To compute the trajectory of the missile, one
murt know the drag force on the missile which is some func—
tion of its veloclity through the air. The %vacuaum trajec-

- tory®, which ignores this force is zeneral not a zood ap-
proximation to an actual btrajectory. The use of Hallige
tic tables, which have heen set uvp te¢ facilitate compuia- ,
tion of trajeciories, requires knowledge of the missile's ‘
hallistic ceefficient. An estimate of the hallistic co-
efficient of the rocket was made and the velecity reguired
for the rocket to travel the various specified ranges was
obtained from hallistic tahles compuited using air resis-
tance force propertional %o the sguare of ithe velocity.
Thig approximation is fairly good for low velocity mig—~
siles. Range tables for the final mireile dexign wiil
he prepared from field firing dats. '

it

(

Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2



Declassified in Part - Sanitized Copy.Approved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2
B 1 1 .

YII STATIC TRST PROGRAM

. , A, Deveﬁapment of Test Bouimnent

‘ . The progress of the prejec% was advanced considerahly
- , by the availability of a special photo-recording ca-
- thode ray tube escillescope, as shown in Plate I,
The inetrument, which had heen built for clesed homb
powder tesﬁing, was maa%fzed to r@@aﬂd rocket chamber
presfures,

A wall mounted steel adapier head was designed %o re-
ceive a threaded head end of a rockét meitor., The a-
dapter aigo mounted a Raldwin Lima-Hamilton SE-4 sirain
page pressure cell with electrical leads running through
the bharricaded wall space to the orcilicscope, as iilo-
strated in Plate II. As the sguib fizing voltage was
gwitched on, a single X-axis sweep wae applied to the
osciiloscope and this sweep provided a time hase for

the DEPSbﬂK@ record, '

<t

The signal gen@yated hy the SR-l mitrain gége was pre»
amplified by an Alinco D.C. ampiifier, Model! 250. The
output from this amplifier was applied to the Y-axis
amplifier in the oscilloscope, where it was mixed with
a time pulse which calibrated the time bame., The shal-
ter for the camera was operated by stepping relays
which automatically controiled the progress of fhe
entire sequence. For convenience, the photographic
record was filmed by a Polaroid Land Camera moundted

on the oesciliosceope s¢ that a finished print cocid be
ohtained wz%hzn a minute after the static test was
made,

B. Motor Design

Pretliminary planning preceding the aciual design of
a single tube motor, showed a need for motors whose
dimensions would be largely governed hy the powder
- grain to he used and whose purpose wag to he the test~
' ' ing of miotor component parts rather than a test of a
motor eventually to he ured for flight, '

Original requirements called for a complietely non-me-
tallic motor. [t was anticipated that the smail plas~
tic nozzlea reqguired in this application would suffer

a large percentage increase in throat area during hurn~
ing. The ho?t gasses moving at hiech velocity ouickiy
erode a nozzle even when made of fire remistant mater-

\

|

1

-

Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2




Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : Cl

e | )

1

“

Y

Rl

ials. For this reason, a progressive grain geometry
was chosen so that the ratio of powder surface to nozzle
throat area would remain more or less conastant, v

Kotor Tube Components

Metor #1, am shown in Plate III, was fabricated to
determine proper ignition meithnods and the variation
of pressure and hurning time with nozgzles of diffezent
diameters. The motor, a steel tuhe with ap ID sach
that an inhibited grain would make & snug fit, wae
threaded at the head end to screw inte the nressure
measuring hiock. A steel nozzlie  was threaded inteo
the tail end. The graines, shown in Plate [V, were
inhibited by encasing them in a cellalore acetate
tube, nsing pelyester resin as a hinder. %Examina-
tion of the pictures of the oscilloscops -traces re-
gulting from test firings showed that the burning
was progressive, as anticipated. Ignition was ac-
compl ished hy the use of an MIAl electric squib with
& hlack powder hooster,
4

Motor #2, shown in Plate V, was censtructed from a
simiiar steel tuhe, the Hail end of which had a ca-
vity for inserted nozzles of various materials,
~After determining the preper throat dismeter, shois
were fired uweineg a nozzie made of polyester: resin,
The resulte of these shots showed that the disadvan-
tages of an ercding nozzle could, in some degree,

he cancellied hy a pregressive hurnipg grain., Foly-
ecster nozzlies proved to erode too rapidiy, however,
80 a search was initiated to find a more erosion re-
gistant masterial. Among the materials teateld were
raper phenoific, cleth phenolic, epoxy resin with and
without glass fiber, aiuvminum and hrass. The mos¥t
guitahlie nozzle material for use with a singie per-
forated, inhibited grain proved tc he Catalin, a
type of cast phenolic resin. This material was uvsed
throughout the porticn of the test program concerned
with inhibited graimns. The trap wsed in all these
tests was a 1/4% long cylinder of the 5/8% x 3/he
cellulose acetate tubing used to inhibit the grain.
Another moter, shown in Tlate VI was designed with
a steel head which threaded inte the pressure block,
into which,could be inserted a 3/4% x 7/8%, grade
FF=55 Formica glass fiher tube. The tube was attachsad
to a steel tall piece which had an inserted nozzle,
“0f-rings sealed each end of the tuhe and the whole

Qe
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assembly was held together by three 3/16% hoits,

This plastic substitute for the steel motor tube

was tested and was found to he completely satisface
- > v tory for pressures as high as 3,000 psi.

2. Integration of Compenents For Multiituhe Motors

The uase of a mulititube motor provided a means of
locading incremental charges for incremental ranges,

As originally conceived, this might be accomplished
by spapping in only those tubes and charges necessary,
using some type of gquick disconnect fittings. At

the mame time, thie provided a way of %eeping the
ratio of propellant surface to nozzle area a constant,
gince each tube would contain itg own nozzle and
charge,

In such a motor, it would he necessary for individual
motor tubes to operate at the same pressure, other-
wise stabhility and accuracy would suffer. Thrust
- on sach tube muet be of appreximately the same man-—
z nitude and for the same duration., Should one grain
hurn out hefore the others, a turning moment would
he induced omn the rocket. By constructing the motor
: with & connecting chamber common to al! tubes, these
( difficuities can he avoided. In addition, sumulta-
necous ignition is rendered casier, since the ignit-
ing charge may be placed in the commen chamhber,

Following the determination of proper ratic of pow-
der surface to nozzle throat area by the use of sin-
gie motor firings, a multitube motor was consitructed.
This consisted of an aluminmm head plate to receive
ap o 15 glamss fiber-melamine tubes with a central
steel connecting bholt leading to an aluminum tail
piate which received the t211 end of each tube and
had a Catalin nozzle insert for each tuhe. Threaded
to the outside of the head and sealed to it with an
O-ring, was a cavitated cap which was connected to
the pressure measuring block hy means of an adapier.

-~ The cavity thus interconnected all the tubes so that
pressure equalization could be achieved., Several
successful tests were made with this motor, each

d ' prodecing a satisfactory pressure time curve. It
wag feld that the hamic consiruction was saitable,
80 design was hegun on an all plastic model,

C. Desipgn of Multitube Motors

1. Screw Cap Type

:::ai 0@
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Following the successful testing of the multitube
aluminum unit, motors were fahricated wherein the
aluminum head and cap were replaced hy plastic paris,
The first attempt involived the use of a cloth pheno-
lic material known as Celeron for the head and cap,
which were threaded together at the periphery of the
head plate, The %ail plate was made from Catalin,

a type of Pakelite, into which were dritled six noz-
zle holes. TWach hole was counter~hored te receive

~the tail end of ench of six Formica motor tubes which

were retained hetween the head plate and tail plate
hy a long ceatral holt. O-~rings at the ends of each
tube asgured a pressure seal. The static firing of
thiz motor shatiered the Catatin tail piate, so ang-
ther was made with the tail plate reinforced hy an
equal thickness of glass cioth-poliyester laminate,
Yhen this medel was fired, the threaded secticon of
the cap delaminated as shown in DPlate VI,

In an attempt to reinforce the threaded section be-
tween the head and cap, the central hold was extended

-up through the cap so¢ that the head and cap couzld he

held together in the center, as well as hy the threads
at the periphery. Since the plastic materials used

at this time were not streng enocugh to resist flexure,
the central holt was subhject to faiiure. Other ma~
terials tested were phenolic laminated clioth and
prhenoiic lamirnated paper, hut without success.

One Piece llead Motors

Another variation in desrign employed a system by
which the head and cap were replaced by a single
integral unit. It was essentially the same in prin-
ciple with a central holt retaining the tail plate
in which there were six sockets for the tuhe ende,
sach containine an individaal insext nozzlie. The
head, however, was a eingle piece with six tube holes
which were inter-connecied at the center hy cross~
hored channels at right anglees %o the tnhes. Faile
ures of various types were encountered, among which
were holt failure, delamination of the hpad material,
or compliete shattprlna depending on the plastic used
and its method of preparation, as illustrated in
Plate VIII., Although this desiegn would he desira-
hle, the method was dropped hecause it was feit that
a strong enough material could noet he found wzﬁh

& reasonahle time,

Nozzle F&hrication and Retention

The use of an inhihited grain, although satisfactory

=il
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from the standpoint of its pressure Hime curve, was
guite troubiesome hoth in manufacture and in uvse.
In several casges, it was found that inhibitor failure
. ‘ caused high pressuree during burning and eccasionally
o a2 grain would rupture because of the failure. The
ase of vninhibited grains would be much simpler, but
- since the burning of the uniphibited grain is approxi-
mately neutral, a non-eroding nozzle would bhe neces~
sary. In geveral static teste, the ure of & steel
nezzle and an wninhibited grain proved entirely sa-
; tisfactory. The pressure time curve had a suitable
| . neutral ehape and the ready use of uninhibited grains
\ made this method guite desirable., It was felt that
the smail amount of steel in the nozzle woeld not Wme~
: sent too afeaﬁ a ﬁaéard
\ In 2ll the ensuing tests, a steel nozzie was used,
* The nozzle, which was made asg a thin shell with ifhe
proper configuration and diameter, was inserted into
8 plasgtic sieeve which, in fturn, was bonded inside
; the motor tube with resin, The hest material for
: ~ the mleeve was found t¢ be phenolic laminated paper
and a hondineg resin, known as Rakeilte epoxy ERL
2774, was adjudged to possess the hest adhesive pro-
pertieg. A retenticon ring shoulder was provided %o
fernish additional resistance to hlowout. This com-
hination, shown in Pilate [X, made it possible to
eliminate the tail pilate and the ceniral helt, pro-
vided it proved pOSSlh!9 to retain the tuh@ in the
head in some mamnero

L, Tube Reténtion mQtneds

To eliminate the central holt which held the tabes
hetween the head apnd tail plates, i1 was necessary
to find a means of retaining the tubhe in the head
plate. As previously mentioned, it seemed feasible
to hond in the nozzleas with epoxy rvesin. ‘

A brass adaptor was made to thread into the pressure
- block and $¢o receive a tube which was to be held in
place with a Truarc retaining ring. A nozzle was
S honded into the tail end of the tuhe. Thir model
< and several variations of it made entirely of plas-
' : tic and with a tube bhonded in place, were fired
successfully, so work was begun on multi-tabe motors
of simiiar design.
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5. Two Piece llead Motors

Foliowing the successful static testing of honded
tubes and nczzles, a six tube motor was constructed
with a cavitated glass cloth-polyerter cap helited o
. a head plate of the same material. The head was
hored to receive the motor tubes which were honded
in piace with Bakelite epoxy resim WRL 277L. Rach
tube contained in ite tail an inserted mteel nozzle
in a plastic sleeve, also bonded, in with the same
resin., The grain was held away from the throat of
the nozzle hy an x-shaped gteel trap, variations

of which are shown_ in Plate X, Aithough there was
a ftendency toward nozzle blowout, successful sbatic
firing was accomplished on this model.,

'

D. Revisiob af Fahzicatian,%ﬁthade

buring the early poertion of %ne flight test program,
failures of various types were encountered and means
of comhatting the faiﬁares were developed through a
gradual process.

1. Cap

To sase the manufacturing process, & two piece metal
mold was designed in which to lay-up & glass cloth-
poiyester cap. The finished piece had the desired
diameter and aliso had a moided O-ring gr@ovo and
cavity..

Previoms cape had their Q-ring groove m&cnimed into
the bleock. This groove, which cut throuzh seversal
reinforcing layers, weakened the cap at this point
and failures were encountered due teo delamination.
While machinineg was eliminated in the molded caps,
failures were 8ti1l experienced hecause of inguffi-
cient strength in the plastic, although it was re-
inforced with chopped glass fiber., Attempts to re-
inforce the groove with wrappings of glass string and
with thin ribbons of metal were equally unsuccessful.
A£11 these weaknesses were sliminated by the process
of making a preform. This consisted of moliding four
layers of glass cloth with polyester in such a manner
that the entire O-ring groove and caviiy were made
. from one continuous piece of laminate. This was
built up with further layers of the same material
to the required thicknees. No further failurxes of
the cap were experienced following the adoption of
thia fabrication methed.,

=13-
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4 metal, two-piece mold, similar to that made. for the
cap, was made in which te lay up glass cloth-polyes-
ter head pieces., Six remcvabie metal pins, each
| positioning a Formica tube, protruded up throuzh
i the hase, the laminate heine formed around the tubes.
| In this way, the six motor tubes could he molided
directliy into the head., However, this methed was
ahandoned because of imsufficient connective strength
- between the center and the outer area, which caused
a type of failure kmown as "etar hlowout®, as snown
in Tiate XI. Another type of failure was experienced
in medels which were fabricated with tubes potted
into the head plate. The hond hetween tnuhe and head
wae not good and one or more of the tubes were blown
out due to the hond failure., The same mold was used
without the pins to lay up solid discs of laminate
with the glass cloth to resin ratic maintained as
: nigh as poseible. The solid disces were then hored
: at the desired angle and direction to receive the
tubes, as shown in PNMiate XIF. Few head failures
were experionced using this type of comstruction,

- although it proved necessary in desigainﬁ the tube
layout to provide & web between holes of sufficient
thickness to withstand tne sudden stresses applied

Vdurxng fzrxngc

3. Tube Retenﬁiun

- The method described in Section 2. ahove of honding
tubes into tightiy fitting holes with Rakelite epoxy
ERL 2774 worked very well for the short ranze models,
With the advent of the long range meodel, the need
for several modificatione soon became apparent.

Recanse of the greater length and weight of the tuhes
ant the higher acceleration of the long rance model,
inertia of the tubes proved to be a large factor in

- ' the hiowout of tuhes. In a sense the motor went for-
ward with the tubes tendine to remain in their ini-
tial position. To comhat this effect, thin walled

- tubing of lesser weight wag used and the norvzies
made as thin as possible in order to reduce their
weight. The tube end to he bonded in and the holes
in the head plate were gZrooved so that the resin
could interlock the pieces. Althoush 1itile could
he done to lessen the acceleration, the nozzles had
the largest permissible diameter so that the motor
was working at minimum pressure. Ip most cames
these remedies were effective.

il
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b, Hozzle Retention

By using a combination of bonding and a retaining
ring shoulder, nozzles weré retained without diffi-
culdy in the short range models. Due to higher ac-
celeration and inertia effects, the reguirement for
retaining nozzles in lomg range models became more
severe, ’ :

As an aid to hetter honding, the tubes were lightiy
grooved inside and the mpozzle holder roughensd sc
as b0 vprovide an interlocking hond with the resin.,
With nozzles as well as with tuhes, great pains were
taken to achieve the hest bonding possible,
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iV _FLIGIF TESTS

. A. A flight area was seclected at a location offering a

i number of advantages for conducting tests of this type.
This area has a fairly level, unchetructed flight path
of about 3,000 yards. Storage igiocos {which are not ¢
now used for explosive sitorage} are placed UZO feet
apart in a straighit line for the full length of this

area, thus providing a convenient yard-stick as well

ag shelter for ohservers,

The initial lawvnching rack was improviesed from a four
foot length of aluminum tubing of suitahie diameter,
mounted on a wooden. stand at an angle of hgo

The movie camera used @nroughouﬁ the teRt program was
a 16mn Rell & ifoweB, Series 200, It was operated for
the most part at 6’ frmm9¢/5800nd t0 he projected back
at adower speed. It was hoped that in this way, the
v initial take=0ff of a rocket and itte spin rate could
. bhe studied. The camera was placed on the vantage spot
of a nearby iglco, at right angles to the test stand,

N Since the igniter for the rocket was a MIAl electric
- squib, the field firing was done with a magneto through
150 feet of electric cabhie,

B. Fiight Rockets

1. Payioad Section

{ _
The ogive or nose was made of moided glass cloth-
potyester, as shown.in Plate XIIJ, The nose tapered,
at ahout 60°, back to a recessed ledge which fitted
te the metor hedy. ~The two were cemented together
with Pakelite epoxy resim RRL 2774, after which the
joint was sanded in order %o remove irregularities,
The body was made from a length of convolute wound
paper tubing, iater replaced with 1/16 wall aluminum

- : tubing. This was an expedient selected to provide
reusable parts. Also, although the availabhle paper.

. tuhes are suitable for the hody on short range models,
< there is a tendency toward crumpling with the higher
acceleration encountered in the loneg ranse model.
Sultable plastic or papsr hodies will be developed
in the redesign phase of the vroject,

2, Motor Séction

The motor design chosen for use in fiight models

=} B

Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-RIDP78-03624A000900010081-2



Declassified in Part - Sanitizgd Cop;@oproved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2

is the same as thai described in Section III D, ¢
namely, a two piece polyesiexr-glass cloth faminated
head and cap held together with six sieel holts and
provided with a large O-ring seal. The glags cleoth
. Formica motor tubes employed honded nozzles as well
S as snap ringe, and in tarn were honded inte the head
' plate with Pakelite epexy resin. Toward the end of
| Phase I, it proved desireahle to use five molter tubes
| instead of six, Since these tubes would he positioned
92° apart rather than 60°, more web of taminate i%
provided hetween tubes.

C. Test Results

As mentioned previgusly, during the development of a
succersful flight model, a considerahle number of ;azﬁa
ures were encountered hecaase of failure of the Qarﬁng
groove. Of the first ten motors flight tested, eight
resulted in failures of this nature. The othef two
motore were made of glass cloth-polyesber with canted
nozzles instead of canted tubes and were successfully
fiown for distances of 1,000 and 1,400 feet, respec-
tively. v

| After the Ypreform® methoed of cap manufacture was a-
| ' dopted, no further O-ring failures were experienced.

| In addition to revising the methoed of laying up the
laminate around the O-rving, it was found that epon
laminates used were much more temperature sensitive
than the peolyester laminates. Mort of the later mo-
tore were made with polyester which performed much
more satisfactorily. MNoring thie pericd, various obther
difficulities were encountered, such as holt fajilure
and hlown out tubes. towever, the same poliyester mo-
tor previously flown on two separate occasions was
reloaded and flown again, this time going 1650 feeﬁ

A completely new canted tube model was alsc succes
fu?iy flown 140G feet. The cause of the varia?zon

1 in ranges accomplished by the pelyesiter canted nozzie
B - model was attributed in part to variation in mass Ta-
tio from one model %o another, as well as to a varia-
tion in effective quadhant of elevation, Becaunse of
the relative difficulty in producing canted nozzlies,
this design was de-emphasized for the remainder of
Phase I.

- Using the same design and with A1l new parts, three

canted tube models were made similar to the model il-
lustrated in Plate XIV and the same canted nozzlie mo-

r_:vl ?«.:: “
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del waes rebuilt with new tubes. A new launching rack,
shown in Plate XV, was made of steel tubing, which in-
creased the stabhility of the takeocff, The canted noz-
z1le model was fliown for the third time, this time to

] : 2100 ' feet., The three new canted tuhe models flew as
- followe:

MOBREL BISTANC

B  TINE
NO . FEET SEC,

S 18 1320 10.2
| .19 1b70 10.2
20 - 1335 9.8

A1l three upnits landed within a fifty yard circle and

with a relatively uniform flight time., The dispersion
ie explained in part by variations in mase ratio which
existed in these experimental uniis, From the success
of this group of shots, it was concluded that the de-

gign of the short rance model was feasihle and empha-

sis wag placed on the long range model.

. : The first three long ranse models were tested, each
with eix, ten-inch canted tubes and twice the powdsr
content of the 500 yard mcedel. Fach of the three had
the same cause of failure and from a cause net here-
tofore encountered. Recause more thrust was needed,
the long range model had a higher acceleration. In
addition, the motcr tnbes and grains, which were con-
siderabhly heavier hecause of the increased length, had
a greater inertia. The combination of these two ef-
fects resulted in a force or drag on the tubes, Ccon-
siderahly greater than that of the short range model.
The reselt of this increased force was that the tubes,
sometimes accompanied by the central star, were hlown

rearward. To combat this rearward force, tubes were
obtained havineg a wall as thin as practicabhle, the
nozzles were made as 1ight as possible, and very care-

L ful attention was paid to the method of honding ths

- PO tuhes to the head. The tubes were spaced as far apart

as available space nermitted, thus leaving more web
of laminate between tubes. ' '

™

When the above difficulties were overcome, it was dis-
covered that the comhination of insrtia and pressure
was gufficient to enap the six 1/4 steel holte which
were peed to hoid the head mnd)cap together., Recause
of the small amount of time remaining, the nuowher of
holts was doubled rather than starting a search for

a hetter closure.
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8ix new models were made, incorporating the above men-

tioned features. In addition, a five tube, pentagonal

arrangement was used instead of six, in order o pro-
vide a greater web between tubes. Although only five-

) gixths of ithe propellant charge could bhe containsed,

- the loss in thruet wae partially offeet by the decreased
weight of the wnit., Of the six models tested, two
t*chaffed out®, which was not unexpected since the Ky
was made as low as possible for the purvese of keep-
ing the chamber pressnre low. Two univs blew nczzies
and one hlew a tube. One model fiew 2500 feet in spite
of a chuff in midair,

success. One blew a nozzie, one blew a tube, but flew
3500 feet. The third itcok off well, went out of sight
from the launching area, passed over the head of a
forward observer 5000 feet away, and has not yet heen
found.

Another set of three unitse was made and tested with
very encouraging results. Two of the three models

: took off well, went cut of sight, avrparentiy zoing

- their rull range. Their landing spcts have not heen
ascertained deepite an intensive ssarch of the area
hy a large group. The estimated range for all three
models is approximately 6000 feet, hut since the di-
rection of the launcher could have shifted slightly
hetween shots, the landing circle could he faizly

|

| _
Three new models were fabricated and ftested with wmixed
large,

|

|

| Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2

ey = WwwitiJdJdiITTA 1T T QL VAT TTIN& YW WYV Y TV MTVY W TV TV ivdoe &V TVIVTVE - TV TR TV WV e T AW T



Declassified in Part - Sanitized Copy Approved for Release 2013/08/07 : CIA-RDP78-03624A000900010081-2

C L 4 v

¥V SUMMARY

The division of the project infto phases previded for the
establishment of the feasibility of a rocket of this na-
ture without committing the entire contract funds., Dur-
ing the course of Phase I, the conception of what consti-
tutes feasibility was gradually revised., Admittedliy,
given sufficient time and money, almest any requirement
could be met. Ilowever, in this case, feasibhility meant
the probable esuccess in meeting or approximating the re-
quirements within the time and money limitaitions of the
contract, ~

The work in Phase [ has established that a rocket made

from plastices can be operated successfully. The study

has shown that only tvhese plastic materiais possessing

the highest tensile strength are suitable for use in this

rocket. Joints and closures are critical and will require
. snap-rings of steel or similar mechanical ailds. At points
: of stress, such as in the "Q"-ring grooves in the plastic
head, it has been found essential to have the reinforcing
material follow the contour of the sroove in order %o ob-
tain sufficient strength. Motors made thus far have bheen
comparatively heavy in view of the requirement that the
- rocket should be harmiess. llowever, i% is felt that thie
welght can be reduced somewhat through refinements in de-
sign to such an extent that this requirement can be ful-
filled. Omne of the objectives of this work in Phase [
was 3o show that the maximum range vequirement could be
attained by a rocket fabricated from plastic, It was
recognized that only a limited number of flight tests would
be made during Phase I. It is felt that the few flights
which have been made of approximately 2,000 yards are
substantially an indication of feasibility as far as the
range requirement is concerned. Admittedly, the rockets
which were tested were not of the optimum design. It was
desireable that these tests indicate the degree of disper-
sion which could be expected in a final design althougn it
- was recognized that greater disperrsion weuld occur in these

- prototype units which were made on a lahoratory hasis.

The accuracy requirement has been investigated only on

the short range model. It has not been difficult to place
short range models into a circle 50 yarde in diameter at
a range of 500 yards. The azimuthal dispersion at the
iong range with a production model, using an improved
launching system, is estimated %o 150 yards.

-20-

-
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Time delays were not investigated in Phase I, however,
the requirements for a time delay have heen estzma%ed on

' the hasis of the successful test flighte., [t is felt that

a time delay which would have no greater variation than

one second over a 20 to 25 second burning periocd would be.
sufficient. It is helieved that the requiresmen? that the
rocket hurst should occur between 200 and 100 feet im the
air is not feasibie. However, this regquirement is now
considered to he too rigid from a practical point of view
and that burste occuring at somewhat higher aitltudes might
accomplish the destired resuito

The specific chgecﬁlvea of Phase [ have heen carried out.
The test flights of the short range unit indicate that
the model would successfully meet the requirements as to
range, weight, and accuracy. [t is helieved that the re~
design of the present mddel will result in the attaimment
of a successfully operating long range model.

21~
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' COST STATEMERT

Divieion Into Phases .

v 50X1
Phase I

Fee

Phase I

Fge

Phase III

| Fee
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